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Abstract
Objective
Infliximab (IFX) appears to be effective in refractory sarcoidosis. However, data are lacking regarding its efficacy in
severe sarcoidosis (i.e. with cardiac and/or neurological involvement).

Methods
Retrospective single-centre study including 16 unselected consecutive patients with biopsy proven, severe, and resistant
sarcoidosis, who were treated by infliximab (3 or 5 mg /kg at 0, 2 and 6 weeks, then every 8 weeks) between 2005 and 2013.

Results
Following IFX therapy we observed an improvement in 92% of cases, with a marked decrease of the severity score
[median score 6 (3—12) vs. 2 (1-8), p<0.0001 ] and trend toward steroid sparing effect [12.5 (0—40) vs. 8.5 mg/d (0-30),
p=0.11] between baseline and the end of follow-up, respectively. Regarding the index organ response, we observed a
remission of cardiac and central nervous system involvements in 4 out of 4 and 11 out 12 cases, respectively.
Thirty-eight percent of patients experienced a relapse. After a median follow-up of 57 months (2 to 91), we observed
7 (44%) infectious complications, 1 paradoxical cutaneous granuloma and 1 leucoencephalopathy. Infectious
complications were mostly observed in male [6/7 (86%), p=0.06], with a longer duration of steroids (108 vs. 39 months,
p=0.11) and immunosuppressant use prior IFX (42 vs. 24 months, p=0.08) compared to their negative counterpart,
respectively.

Conclusion
IFX was efficient in severe and refractory sarcoidosis. Infectious complications were frequent and occurred mainly in
male patients with longer duration of steroids and immunosuppressant use prior to IFX.
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Introduction

Sarcoidosis is a systemic granuloma-
tous disease of unknown aetiology,
which may involve many different or-
gans. Usually, the course is benign with
a high rate of remission, whether spon-
taneously or with treatment. Sarcoidosis
can be chronic and progressive in 25%
of patients with a risk of organ dysfunc-
tion. Treatment of sarcoidosis is not
standardised even if corticosteroids are
the first line therapy. In cases of lack of
response or unacceptable side effects,
steroids are supplemented with other
immunosuppressive therapy such as
methotrexate (MTX), cyclophospha-
mide (CPM), mycophenolate mofetil
(MMF), azathioprine (AZA) and re-
cently with tumour necrosis factor-al-
pha (TNF-a)-inhibitors (1-11). Tumour
necrosis factor-alpha (TNF-a) plays a
significant role in antigen-stimulated,
cell-mediated immune responses and in
the pathogenesis of non caseating gran-
ulomatous inflammation. TNF-a. is re-
leased by macrophages and is elevated
in alveolar macrophages of bronchoal-
veolar lavage during sarcoidosis (12).
In the past, the efficacy of other anti
TNF agents such as pentoxifylline and
thalidomide has been observed in sar-
coidosis (13, 14). No clinical trial com-
paring the efficacy of different TNF-a
inhibitors in sarcoidosis is currently
available. Infliximab has mostly been
used and was associated with success-
ful results in sarcoidosis both in cases
reports and randomised trials, particu-
larly in cutaneous, ocular or pulmo-
nary sarcoidosis (1-9). However, data
regarding efficacy of TNF-a inhibitors
in cardiac and central nervous system
involvement of sarcoidosis are scarce.
In the present study, we report the long-
term outcome of infliximab (IFX) in 16
patients with severe sarcoidosis (i.e.
mainly with central nervous system
and/or cardiac involvements), refrac-
tory to steroid and immunosuppressive
therapy.

Materiel and methods

Patients

This is a retrospective single-centre
study including 16 unselected consecu-
tive patients with chronic, severe, and
resistant sarcoidosis, who were treated
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by infliximab between 2005 and 2013.
We included patients only with histo-
logically-proven sarcoidosis (Fig. 1).
For neurological and cardiac sarcoido-
sis, all patients responded to the inter-
national criteria (15, 16). At sarcoidosis
diagnosis, patients were defined as se-
vere when presenting with =3 organ in-
volvements, with functional or vital risk
(i.e. mainly with central nervous system
and/or cardiac involvements). For as-
sessment of the index organ severity
(i.e. primary target organ supporting
IFX prescription), we used the score
proposed by Judson et al. in a previous
study (Tables I-II) (17). This score was
used only for the index organs before
and after IFX therapy, considering that
other organs involved at diagnosis had
been cured. Sarcoidosis was consid-
ered as chronic when disease was still
active 18 months after the diagnosis.
Refractory sarcoidosis was defined
as patients non responders to steroid
therapy (1 mg/kg/d of prednisone) and
at least to one (4 patients) or more im-
munosuppressive agents (12 patients).
Before infliximab, we systematically
searched for latent tuberculosis (nega-
tive interferon vy release assay). Patients
with serious and /or chronic infection
within 2 months and malignancy his-
tory were excluded. Nine patients with-
out biopsy proven sarcoidosis and two
cases lost to follow-up were excluded
(Fig. 1).

The following data were collected: age,
gender, ethnic group, organs involved
and the severity score of index organ
appreciated on clinical examination
and with appropriate paraclinical re-
sults (ocular examination, nose endos-
copy, laboratory study, cerebrospinal
fluid analysis, lung function tests, chest
CT scan, cerebral magnetic resonance
imaging (MRI), electrocardiography,
cardiac MRI, cardiac scintigraphy, joint
MRI).

The following data regarding treat-
ments were collected: dosage of ster-
oids before and after TNF-a. inhibitors,
associated immunosuppressive therapy
(IST) before, during and after inflixi-
mab, and dosage and duration of IFX.
Finally, the efficacy and side effects
under IFX and the reason of premature
treatment interruption were recorded.
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Fig. 1. Flow Chart and outcome of the study population.

Therapeutic modalities

Intravenous infusions of IFX were
proposed at 3 or 5 mg/kg at 0, 2 and
6 weeks, then every 8 weeks. The low-
est dosage (3 mg/kg) was proposed
to the first patients treated by IFX. In
case of suboptimal response, IFX dos-
age was increased up to 7.5 mg/kg and/
or the interval between two perfusions
was reduced to 6 or 4 weeks. During
this treatment, concomitant medication
including corticosteroids and metho-
trexate was proposed to 10 patients.
In 4 cases, prednisone was stopped, in
one case because of patient refusal, in
3 cases because of severe osteoporosis.
Nevertheless, disease worsening led to
resume prednisone in these 3 patients.
During IFX therapy, methotrexate was
not prescribed in 3 cases, because of
historically patient proven therapeutic
inefficiency in 2 cases and due to se-
vere hepatic granulomatosis in 1 case.
Clinical follow-up was individualised
and was tailored to the index organ for
which IFX was prescribed. A clinical
evaluation was performed before and
after each infusion of IFX. All patients
underwent serial physical examination,
biological tests (ACE but not sIL-2R)
and imaging screening with morpho-
logic data to control involved organs.
Due to the retrospective aspect of the
study, 18F-FDG PET data are available
for a very limited number of patients.

Treatment efficacy

Response to treatment has been defined
as an objective clinical improvement.
As for MRI (cardiac, cerebral or joint),
gadolinium-enhancement demonstrat-
ing improvement of lesions before and
after IFX was assessed. All patients
presented a normal ACE dosage as a
result of immunosuppressive treatment
before IFX therapy. sIL-2R dosage was
not performed. We have no compara-
tive data on )FDG-PET scan. Response
could be complete or partial. Complete
response was defined by the absence of
functional signs and a normalisation of
imaging. Partial response was defined
by the persistence of physical signs
and/or abnormal imaging. Therapeutic
failure was defined as the absence of
clinical and/or laboratory improve-
ment. The severity score (Table I) was
calculated only for organs involved just
before IFX thus defining the index or-
gan which was calculated before inflix-
imab and at the end of follow-up. The
steroid sparing effect was evaluated by
comparing prednisone dosage at base-
line and after IFX last injection.

Statistical analysis

Quantitative variables are presented
as median (interquartile range, IQR,
or range) and were compared using
Wilcoxon’s rank sum test. Qualitative
variables are presented as count (per-
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Table I. Severity assessment of each organ
before infliximab use (17).

Score Description

0 Not affected

1 Slight

2 Mild

3 Moderate

4 Moderate to severe
5 Severe

6 Very severe

cent) and were compared using Fisher’s
exact test. Comparisons between base-
line and end of follow-up values were
tested using Wilcoxon’s rank sum
paired test. All tests were two-sided at
a 0.05 significance level. Analyses were
performed with R statistical software,

version 2.15.2 (http://www.R-project.
org/).

Results

Baseline characteristics

Sixteen patients with chronic resistant
and severe sarcoidosis were included
(Fig. 1). The baseline characteristics,
index organ, and the severity score as-
sessment are summarised in Table II.
The sex ratio (female/male) was 0.78,
with a median age of 36 years (range
14 to 73, IQR 26 to 43). In all cases,
the disease was chronic with a median
duration of sarcoidosis of 91 months
(range 19 to 415, IQR 36 to 125). The
disease was severe as 75% of patients
had three or more affected organs and
most patients had neurological (12
cases) and/or cardiac (5 cases) involve-
ments. At baseline, the median activity
score was of 6 (range 3 to 12, IQR: 5
to 8). Treatment histories and the im-
munosuppressive therapy before inf-
liximab are listed respectively in Table
IIT and Table IV. Previous IST used
before IFX included cyclophospha-
mide (CYP) (cyclophosphamide: 1g
per month) in 6 cases, methotrexate
MTX) (0.3 mg per week) in 5, my-
cophenolate mofetil (MMF) (2-3g/d)
in lcase, etanercept (ETC) (25 mg per
week) in 1 cases and MMF plus MTX
in 1 patient. The median duration of
steroids and IST use prior IFX was of
49 months (range 14 to 144, IQR: 33
to 92 months) and 28 months (range 9
to 110, 24 to 44 months), respectively.
The initial dosage of IFX was 3 mg/kg
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Table II. Baseline characteristics of the 16 patients with sarcoidosis*.

Variable

n. (%)

Age to diagnosis (years)
Sex ratio: female/male
Race

-White

- Black

- Maghreb

- Asian

Time since sarcoidosis histologically proven (months)

Number of patients with =3 organs involved
Severity score of index organ before IFX
Duration of steroids before IFX (months)
Duration of IST before IFX (months)

IST from diagnosis to IFX

36 (26 to 43)
7/9 (78)

6 (38)

5 (31)

4 (25)

1 (6)
91 (36 to 125)
12 (75)

6 (5t08)
49 (3310 92)
28 (24 to 44)

- cyclophosphamide 13 (81)
- methotrexate 11 (69)
- mycophenolate mofetil 5 (31)
- azathioprine 1 (6)
- etanercept 1 (6)
“Except where indicated data are expressed as number, (%) or median (IQR).
IST: immunosuppressant; IFX: infliximab.
Table III. organs involved at diagnosis and before IFX.
Organs involved At diagnosis Before IFX
Central nervous system 12 12
Cardiac 5 4
Pulmonary 14 3
Cutaneous 2 1
Ocular 6 1
Intra-abdominal lymph nodes 2 1
Liver 1 1
Joint 2 1

Table IV. Outcome of the 16 patients with sarcoidosis under infliximab (IFX).

Variable Before IFX After IFX p-value
Dosage of steroids 15 (0-30) 8.5 (0-30) 0.11
Severity score 6 (3-12) 2 (1-8) <0.001
Number of index organs 24 1 <0.0001
Cyclophosphamide 13 (81) 1 (6) <0.0001
Methotrexate 11 (69) 10 (62) 0.60
Mycophenolate mofetil 5 (31 1 (6) 0.030
Etanercept 1 (6) 0

Azathioprine 1 (6) 0

in 5 patients and 5 mg/kg for the re-
maining 11 patients. Except in one case
(hepatic contraindication), infliximab
was always associated to steroids and/
or methotrexate.

Efficacy

After a median follow-up of 57 months
(range: 2-91) no death was observed.
The mean number of IFX infusions
was 15 (range: 2-42). One early (after
the second infusion) severe infection
led to immediate stop of IFX treat-
ment. All others received at least 6

infusions. Out of the 5 patients who
received 3 mg/kg as initial dosage of
IFX, 3 were responders and 2 with
incomplete response received 5 mg/
kg or more. At the end of follow-up,
a favourable response (partial remis-
sion in 9 cases and complete remission
in 6 cases) was noted in 94% of cases
(15/16). Improvement was observed
in all cases but one, with a significant
improvement of the severity score (me-
dian score at baseline 6 (3—-12) vs. 2
(1-8) at the end of follow-up, p<0.001)
and trend toward steroid sparing effect
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(median dose at baseline 15 (0-30) vs.
8.5 mg/d (0-30) at the end of follow-up,
p=0.11) were noted (Fig. 2, Table IV).
The sparing effect was not significant
due to the small number of patients.
We observed a constant remission of
cutaneous, nose, ocular, cardiac, lymph
nodes and pulmonary sarcoidosis and a
non-response in one out of 12 patients
with a central nervous system involve-
ment.

In only 5 patients, IFX was still main-
tained (IFX group). For those, the medi-
an severity score dramatically fell from
5 to 2 at the end point. In this group, a
relapse of the index organ was noted in 4
cases (80%) with a less important score
probably due to their regular monitoring
before dramatic functional signs. They
were successfully treated by increased
dose of IFX or reduction of infusion
intervals. At the end point, the sequenc-
es of IFX (5 mg/kg) were spaced of 4
weeks (n=1), 5 weeks (n=1), 6 weeks
(n=2) and 8 weeks (n=1) to maintain a
sustained remission. Methotrexate and
steroids were associated in these 5 cas-
es. Relapse was also observed in 3 of
11 patients who stopped IFX. In these
patients, two were successfully treated
by classic IST, one worsened. Whatever
therapy used the comparative analysis
between patients who relapsed and their
negative counterpart did not show any
difference according to age, sex, race,
index organs, duration of the disease,
duration of steroids and IST, dose of
steroids, score, and choice of IST.

Adverse events

Infliximab was stopped in 11 cases
(Fig. 1). The median number of infu-
sions of infliximab was 6 (range: 2 to
24). The reasons for IFX interruption
included acute infection in 7 cases
[pulmonary infection (n=2); recurrent
prostatitis (n=1); aspergillosis infection
(n=1); atypic mycobacterium disease
(n=1); bacterial sepsis (n=1); multiviral
reactivation (n=1), paradoxical granu-
lomatous (n=1), leucoencephalopa-
thy (n=1) and personal choice (n=2)].
Leucoencephalopathy dramatically re-
gressed when infliximab was stopped.
For all hospitalised patients, all infec-
tions were cured by appropriate anti in-
fectious agents. All sarcoidosis but one
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Fig. 2. Course of the severity score (A) and of the daily prednisone dosage (B) under infliximab in

patients with sarcoidosis.

Table V. Comparison according to the occurrence of an infectious complication under IFX

in patients with sarcoidosis*.

Non-infected patient Infected patients  p-value
n=9 n=7
Age to diagnosis (years) 37 (25to 42) 31 (28to43) 0.84
Sex ratio F/M 1 0.17 0.060
Score before IFX 6 (5to006) 7 (4t08) 0.1
Time since diagnosis (months) 41 (33t095) 117 (91 to 140) 0.25
CPM 7 (83%) 6 (86 %) 1
MTX 6 (67%) 5 (71 %) 1
MMF 3 (33%) 2 (29%) 1
ETC 0 1 (14%) 0.44
AZT 1 (11%) 0 1
Dose of CS before IFX (g/d) 15 (0 to 20) 12 (10 to 15) 0.67
Duration of CS before IFX (months) 39 (33to050) 108 (50 to 204) 0.11
Duration of IST before IFX (months) 24 (24t029) 42 (32t079) 0.080

“Except where indicated data are expressed as median (IQR).
IFX: infliximab; CPM: cyclophosphamide; MTX: methotrexate; MMF: mycophenolate mofetil; ETC:

etanercept; AZT: azathioprine; CS: corticosteroids.

in the infectious group were success-
fully treated again with classical IST
(MTX: 5 cases, MMF: 1 case, CPM: 1
case) according to a median follow-up
of 52 months (range, 8—85 months) af-
ter IFX withdrawal. No difference was
seen relative to age, geographic origin,
index organ, dose of steroids, sever-
ity score, and choice of IST between
infected and non-infected patients.
Infectious complications were mostly
observed in male (86%; p=0.060), with
a longer duration of steroids (median,
108 vs. 39 months, p=0.11) and IST use
prior IFX (42 vs. 24 months, p=0.08)
compared to their negative counterpart,
respectively (Table V). For all patients
but one at relapse, we did not find any
auto antibodies against IFX.

Discussion
Corticosteroids are the gold standard
treatment of sarcoidosis. In approxi-

mately 25% of cases, immunosuppres-
sive drugs are associated to steroids.
TNF-a inhibitors are effective in sar-
coidosis, mainly in cutaneous, ocular or
pulmonary lesions (1-9). However, data
regarding efficacy of TNF-a inhibitors
in cardiac and central nervous system
involvement of sarcoidosis are scarce.
Our current experience is derived from
the largest cohort defined as follows:
severe sarcoidosis (=3 organs involved
including cardiac and/or central nerv-
ous system), chronic (course before
IFX >18 months) and multiresistant to
high dose of immunosuppressive ther-
apy. All patients were refractory to the
combination of steroids with one (n=3)
or 2 IST (n=13) prior IFX therapy. No
patient presented any infectious com-
plication before IFX introduction. The
most striking conclusions drawn by our
study are 1) IFX seems highly efficient
in severe and refractory sarcoidosis; 2)
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IFX treatment discontinuation is fre-
quent and is mainly related to infec-
tions; 3) Infectious complications oc-
curred mainly in patients with a longer
duration of steroids and IST use prior to
IFX and 4) relapses are frequent impos-
ing an increased dose of IFX or a reduc-
tion of infusion interval.

Our patients presented with severe
and refractory sarcoidosis as 75% had
neurological and/or cardiac lesions.
We observed an improvement in 94%
of cases. Complete remission of car-
diac and neurological involvement was
achieved in 100% and 92% of cases,
respectively. In addition, IFX allowed
a significant decrease of the sarcoido-
sis severity score and a reduction of
steroids doses. Most cases series in the
literature have demonstrated the effica-
cy of IFX in resistant sarcoidosis with
various localisations (1-9, 16, 17, 20-
25). Efficacy of IFX was also observed
in cases of interferon alpha associated
sarcoidosis (26) and in a resistant hy-
percalcemia (27). Studies reporting ef-
ficacy of IFX in multi organ sarcoidosis
are rarer (2, 20). Clinical improvement
under IFX was observed in the majority
of studies (1-9, 20-25) and was correlat-
ed with 18F FDG PET modifications in
one study (28). Histological remission
was also noted after TNF-a inhibitor’s
and repeated biopsies showed a resolu-
tion of sarcoid granuloma starting with
disappearance of macrophages (29).
The randomised, double blind, placebo
controlled study report by Baughman
et al. (30) involving 138 patients with
chronic pulmonary sarcoidosis showed
a rapid significant efficacy of inflixi-
mab, especially in patients treated with
high dose of steroid or immunosup-
pressive agents and/or those with mul-
tiorgan extrapulmonary involvement.
Judson et al. (20) demonstrated the
beneficial interest of IFX versus pla-
cebo in extra pulmonary sarcoidosis.
In these two studies, patients received
before IFX a different immunosuppres-
sive treatment (lower doses, treatment
duration, less combination) so no com-
parative analysis with our data could
be performed. Maneiro et al. (17) re-
viewed 69 articles (clinical trials, cases
series and case reports) of sarcoidosis
treated by TNF-a inhibitors. Overall,
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232 patients were treated by infliximab
and 26 by etanercept. This review illus-
trates the diversity of the studies with
heterogeneous populations, designs and
outcomes across studies. If we consider
extra pulmonary localisation, improve-
ment was noted in 80% of cases for
cutaneous form, 94.7% for neurosar-
coidosis, 85.7% for ocular, 87.5% for
cardiac, 66.7% for bones and only 50%
in hepatic sarcoidosis. Recently, Judson
(7) mention that IFX efficacy is not cor-
related to an added steroid treatment
above 15-20 mg/d versus low dosage.
Our retrospective study could answer
that point. Some characteristics may
predict response to IFX like the CD4*
lymphopenic sarcoidosis phenotype
(31), or the C-reactive protein level
(32). In our series, 11 patients stopped
IFX (regardless the reason to stop), and
the course was favourable in 10 cases
out of 11 while a classic formerly in-
effective IST treatment was resumed
(methotrexate or cyclophosphamide).
After a median follow-up of 52 months
after infliximab withdrawal, we ob-
served 3 relapses.

We did not observe anaphylactic or de-
layed hypersensitivity reaction in our
series (1, 17, 20). Out of the 5 patients
with available data, we did not observe
the production of TNF-a inhibitors an-
tibodies except in one case. Nine out of
16 (56%) patients experienced at least
one side effect with IFX, which was se-
vere in 5 cases. A patient with neurosar-
coidosis presented leucoencephalopa-
thy, which has resolved 6 months after
IFX withdrawal and did not relapse
when cyclophosphamide was resumed.
One patient presented biopsy proven
skin sarcoidosis flares up after 15 IFX
cures that regressed after IFX with-
drawal and resuming classic treatment
(steroids and MMF). In the literature,
the adverse events are rare but well
known with biotherapy (17, 20, 30, 33).
Paradoxical granulomatous reactions
(mainly cutaneous and pulmonary and
sometimes neurological lesions) related
to TNF-a inhibitors have been largely
reported (34-36).

In our series, the most frequent adverse
event was acute infection in 7 cases,
which always lead to treatment with-
drawal. Pretreatment profile of infected

patients versus non-infected ones was
quite revealing. Two critical factors
were associated with these infectious
events; the duration of steroid therapy
and the IST duration prior to IFX, both
superior to 18 months. In contrast, the
number of IST agents and the type of
IST used prior to IFX were not differ-
ent in sarcoidosis patients with and
without infectious complication. TFX
dosage did not impact the rate of side
effects. Taken together, these results
suggest that TNF-a inhibitors should
be prescribed earlier than what we
proposed to our patients. In patients
who experienced infectious complica-
tion under IFX, no further infection
was observed after IFX withdrawal.
Infectious complications have been
reported in patients with sarcoidosis
treated by TNF-a antagonists (20. 37),
especially with intracellular bacteria (5.
37). These infections are usually severe
but not fatal as was the case in our se-
ries. In the prospective studies reported
by Baughman (30), serious adverse re-
actions were observed in 11% of cases.
Maneiro et al. (17), reported adverse ef-
fects in 134/258 (51.9%) patients. The
side effects were serious in 54 patients
(21%) and included 76 infections, 6
malignancies, 2 disease progressions
and 2 deaths (17). In these studies, no
data are provided regarding either im-
munosuppressive therapy or treatment
duration. We did not observe any ma-
lignancies and death due to side effects.
Aside the side effect, one important
issue for responders is the risk of re-
lapse during treatment and/or after IFX
withdrawal. Relapse during treatment
impose escalation in IFX dosing and/
or reduction of the interval between in-
fusions. Out of our 3 relapse patients,
reducing intercure interval was always
necessary. Panselinas et al. (38) com-
pared in a small retrospective study, the
severity of involvement of the index or-
gan from time of IFX discontinuation to
the end of the following period in 14 pa-
tients. At 12 months, improvement was
observed in 64% of cases and within 3
months of discontinuing IFX therapy
86% of patients relapse (38). Such re-
lapses (38.39) impose a regular patient
follow-up. Judson et al. (20) also re-
ported relapse of sarcoidosis after IFX
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withdrawal and escalation in IFX dos-
ing was required for the majority of pa-
tients with an average intercure interval
of every 5.5 weeks. The mechanism of
intercure relapse and progressive resist-
ance seems likely due to immunisation
and the occurrence of auto antibodies
against IFX (in one case in our series).
The combination with other IST could
improve the therapeutic response while
limiting the anti-IFX antibodies occur-
rence (40).

Despite several limitations of our series
(small number of patients, retrospective
data, single centre, non-randomised se-
ries), our results demonstrate that IFX is
an effective therapeutic option in severe
and refractory sarcoidosis. Infectious
complications were frequent especially
in patients in whom the duration of ster-
oids and IST use prior to IFX was supe-
rior to 18 months. Relapses are frequent
and frequently require escalation in IFX
dosing and/or reduction of the interval
between infusions.
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